Type 2 diabetes mellitus (DM) is one of the most common chronic conditions in older adults and is often accompanied by comorbidities and geriatric syndromes. The management of cardiovascular disease risk factors in older adults with DM is important to clinicians. The literature was reviewed from 2002 to 2012 to provide an American Geriatrics Society expert panel with an evidence base for updating and making new recommendations for improving the care of older adults with type 2 DM. This review includes only the domains of the management of blood pressure, lipid control, glycemic control, and use of aspirin. Over the last 10 years, new randomized controlled trials (RCT) designed to study different blood pressure treatment targets did not find evidence that intensive systolic blood pressure control (<130 mmHg) resulted in lower rates of myocardial infarction and mortality than less-intensive control. There are risks of side effects with achieving systolic blood pressure of less than 120 mmHg. Lipid-lowering statins are effective in reducing cardiovascular events in middle-aged and older adults, but data on niacin and fibrates is limited. Trials of statins and other lipid-lowering agents do not evaluate the cardiovascular effects on outcomes from treating lipids to different low-density lipoprotein cholesterol targets. No RCTs of lipid-lowering drugs enrolled significant numbers of adults aged 80 and older with or without DM. Three major RCTs that investigated intensive glycemic control did not find reductions in primary cardiovascular endpoints, and one study reported greater mortality with glycosylated hemoglobin of less than 6%. Two recently published RCTs were designed to study the cardiovascular benefits of aspirin use by individuals with DM. Neither trial found significantly fewer primary cardiovascular endpoints with aspirin than in control groups. Overall, RCTs enrolled few adults aged 80 and older or with significant comorbidities. More research is needed for clinicians to effectively customize care to older adults with DM because of heterogeneity in health status, comorbidities, duration of disease, frailty and functional status, and differences in life expectancy. J Am Geriatr Soc 61:2027-2037, 2013.
Key words: diabetes mellitus; statin; review. N ew high-quality evidence from studies of the management and prevention of cardiovascular disease (CVD) in older adults with diabetes mellitus (DM) has been published in the last 10 years. During this same time, the treatment paradigm has shifted away from disease-focused treatment goals to patient-centered treatment recommendations. The evidence base for the prevention and management of CVD has grown for middle-aged adults but remains scant, at best, for individuals aged 80 and older. Although the majority of older adults are healthy, older adults with DM are a highly heterogeneous population, and research is generally not generalizable to those with poor functional status, complex comorbidities, and limited life expectancy.
The updated clinical guideline recommendations that the American Geriatrics Society (AGS) has published provide guidance to clinicians who care for older adults with DM. 1 This report complements the recommendations and provides detail about important studies, with an emphasis on randomized controlled trials (RCTs) between 2002 and 2012. The purpose of this report is to review the prevention and management of CVD literature for older adults with DM. In particular, blood pressure control, management of lipids, the role of aspirin in primary prevention, and glycemic control are focused on.
METHODS
Existing peer-reviewed literature and guidelines on each DM topic were identified. PubMed was searched for relevant studies published in the peer-reviewed literature; the search was limited to the English-language literature from 2002 to 2012. Terms searched included "diabetes mellitus," "diabetes geriatrics," "diabetes complications," and "hypertension and diabetes," with the search limits set to include only "randomized controlled trials," "metaanalysis," and "systematic reviews." RCTs and systematic reviews or meta-analyses were reviewed for aspirin use, glycemic control, hypertension management, and lipid management. For many of the topic areas reviewed and updated, limited data specific to older adults with DM were found, but for some of the domains under consideration, there were data from studies of older adults or of persons of all ages with DM. For a number of these domains, it was reasonable to extrapolate the findings to older adults with DM. Existing published clinical guidelines from all relevant societies, the Cochrane Collaboration, and the Adult Treatment Panel III report from the National Cholesterol Education Program were also carefully reviewed for each DM domain. The references in the guidelines and peer-reviewed papers were also searched and reviewed. Evidence tables were then constructed that summarize the new evidence from RCTs for each DM topic and that provide an updated overview of some of the most important aspects of care that differ significantly from the care provided to younger persons with DM or deserve special emphasis. This review is an updated overview of some of the aspects of care that differ significantly from care provided to younger persons with DM or deserve special emphasis. Studies that target the control of multiple risk factors are not addressed because they were found to be limited.
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RESULTS
Research on Blood Pressure Management
Older adults with DM have a high prevalence of hypertension, and complications of hypertension are independent from those of hyperglycemia. Until recently, except for the 2003 AGS Guidelines for Improving the Care of the Older Adult with Diabetes Mellitus, most clinical care guidelines recommended that individuals with DM attain a goal blood pressure of less than 130/80 mmHg. 1 The recommendations were based mostly on interpretations of benefit from a retrospective subanalysis of RCTs of hypertensive middle-aged and older adults with and without DM. [4] [5] [6] [7] Three important RCTs of blood pressure control in middle-aged and older adults with DM published in the last 10 years were included in this review (Table 1) . [8] [9] [10] [11] RCTs of older adults with DM and hypertension were limited during the decade that this review covers (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . The Action to Control Cardiovascular Risk in DiabetesBlood Pressure (ACCORD-BP) compared intensive blood pressure treatment (target of <120 mmHg systolic blood pressure) with standard treatment with a goal of 140 mmHg in middle-aged and older adults (40-79) with DM and a high risk of CVD. 8 ACCORD-BP did not find statistically significant reductions in primary outcomes, myocardial infarction (MI), or all-cause mortality but found modestly statistically significantly fewer in the intensive treatment arm of the secondary outcome of stroke (number needed to treat (NNT) was 89 over 5 years) and troubling rates of serious adverse events. A United Kingdom Prospective Diabetes Study (UKPDS) follow-up study on the long-term benefits after tight blood pressure control determined that there were no macrovascular benefits if tight blood pressure control was not sustained. 10 Recent large subgroup post hoc analysis of the International Verapamil SR-Trandolapril Study (INVEST) and the Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial (ONTARGET) also had important findings. 12, 13 The INVEST researchers concluded that controlling blood pressure to less than 130/ 80 mmHg was not associated with better cardiovascular outcomes than usual control of 140 to 130 mmHg in individuals aged 55 and older (mean age 66 AE 6). ON-TARGET (mean age 66 AE 7 and 57% aged ≥65) conclusions were similar except for the risk of stroke. 12 A third analysis of the large Veterans Affairs Diabetes Trial (VADT) reported greater cardiovascular risks with a systolic blood pressure of 140 mmHg or greater or a diastolic blood pressure of less than 70 mmHg (average age of participants was 60 AE 9).
14 Two meta-analyses pooled studies of individuals with DM examined the effect of intensive blood pressure control (<130 mmHg) and did not show benefits for MI or mortality over a blood pressure of less than 140 mmHg. 15, 16 The meta-analyses found an association between lower blood pressure and risk of stroke, but this was in the setting of more serious adverse events.
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Research on Control of Lipids
Numerous RCTs have demonstrated the benefits of statins in the primary and secondary prevention of CVD and reducing cardiovascular morbidity and mortality. For older adults with DM, the benefits of statins have been extrapolated from trials of adults without DM and trials of adults with and without DM.
Subgroup analysis of the Scandinavian Simvastatin Survival Study, 17 the Cholesterol and Recurrent Events Trial, 18 the Long-term Intervention with Pravastatin in Ischemic Disease trial, 19 and the Heart Protection Study 20 demonstrated the secondary prevention benefits of statins in reducing CVD events in older adults in general. The age range for these trials was 35 to 79. A meta-analysis of nine secondary prevention trials with statins in individuals aged 65 to 82 also found CVD benefits. Primary prevention studies of statins in older adults include subanalysis of the Cardiovascular Health Study, 21 and the Air Force/Texas Coronary Atherosclerosis Study. 22 The Heart Protection Study was one of the first studies that included adults with DM. More-recent (2002-2012) studies 23 comparing statins with placebo ( Table 2 ) that were reviewed include the Collaborative Atorvastatin Diabetes Study, 24 Anglo-Scandinavian Cardiac Outcomes Trial-lipid-lowering arm, 25 and the Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in non-insulin-dependent diabetes mellitus. 26 Table 3 lists RCTs of high-and low-dose statins for adults with and without DM. 2, 27, 28 The differences in cardiovascular outcomes shown in these trials suggest benefits to older adults. Table 4 lists two RCTs of statins plus fibrates and niacin that did not show fewer primary cardiovascular outcomes with the intensive therapy. 29, 30 Finally, two large meta-analyses of 18,686 and 5,963 people with DM that found significant reductions in cardiovascular events and all cause mortality were reviewed. 31, 32 RCTs that have examined the effect of statins on CVD endpoints and mortality have largely excluded adults aged 80 and older. The Prospective Study of Pravastatin in the Elderly at Risk conducted in 2002 was a RCT designed to examine the benefits of statins in older adults with and without DM aged 70 to 82. 33 This was a primary and secondary prevention trial that found a 15% fewer CVD endpoints in the statin group. Between 2002 and 2012, there were no RCTs of lipid-lowering medication that enrolled a large number of adults aged 80 and older.
Research on Glycemic Control
Epidemiological evidence suggests that uncontrolled glycemia is associated with greater risk of CVD. 34 The UKPDS has established the evidence base for the benefits of tight glycemic control for the primary prevention of microvascular disease. The UKPDS has poor generalizabilty to older adults because participants were younger than 65 and newly diagnosed with DM. The UKPDS 10-year posttrial follow-up study found significant risk reductions for MI and mortality. This is referred to as the "legacy effect" because benefits remained many years after the differences in HbA1c levels between the intensive therapy and conventional therapy groups disappeared. 35 No older adult subgroup analysis was conducted.
No RCTs on glycemic control applicable to all older adults with DM were found. In particular, RCTs conducted from 2002 to 2012 did not include many participants aged 80 and older, with poor health status, or with many comorbidities. The three large RCTs reviewed (ACCORD-BP, Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE), and VADT) included participants who had had DM for 8 to 11.5 years, a prior cardiovascular event, or risk factors for CVD (Table 5 ). This is different from the younger, more-recently diagnosed DM population enrolled in the UKPDS. ACCORD-BP and ADVANCE compared intensive glycemic control (glycosylated hemoglobin (HbA1c) <6% or <6.5%) with lessintensive therapy, and neither reported fewer macrovascular events with intensive control. The VADT intensive therapy arm had a goal of an absolute reduction of 1.5% (or HbA1c <6%) compared to the standard therapy arm. In the ACCORD-BP trial, hypoglycemia was more common in older adults, and greater mortality was found in the intensive glucose control group than in the lessintensive usual care group. 36, 37 The RCTs reviewed do not provide supportive evidence that intensive glycemic control (HbA1c <6% or <6.5%) is beneficial for the prevention of macrovascular events in older adults. [36] [37] [38] [39] Five meta-analyses were published that pooled data from four to 13 trials and examined the effect of intensive glucose control and macrovascular outcomes. [40] [41] [42] [43] [44] All of these included the UKPDS study and also did not show significant less cardiovascular or all-cause mortality. Results from all of these studies suggested that intensive (Table 6 ). One Japanese trial enrolled 2,539 participants with a mean age of 65 AE 10 and type 2 DM, 1,365 of whom were aged 65 and older (719 in the aspirin group, 644 in the placebo group). 45 A second trial (two by two factorial with an antioxidant) from the United Kingdom randomized 1,276 participants with type 1 or 2 DM to aspirin or placebo, 46 675 of whom were aged 60 and older. Neither trial found significantly fewer CVD endpoints with aspirin than in the control group (Table 4) . 47 Six RCTs of middle-aged adults with and without DM examined the primary prevention benefits of aspirin on the reduction of CVD events using subgroup analysis: the British Medical Doctors study, 48 the Physicians Health Study, 49 the Thrombosis Prevention Trial, 50 the Hypertension Optimal Treatment study, 5 the Primary Prevention Project (PPP), 51 and the Women's Health Study (WHS). 52 Four of these trials were published between 1988 and 1998. In the last 10 years, the two newer trials, the PPP and the WHS also examined the benefits of aspirin in a subgroup of participants with DM and were published in 2003 and 2005, respectively. 51, 52 In individuals with DM in the PPP trial, aspirin was associated with nonsignificantly fewer main endpoints (RR = 0.90, 95% CI = 0.50-0.90) and total CVD (RR = 0.89, 95% CI = 0.62-1.26) events. Similarly, fewer CVD events were not reported in the WHS for participants overall and for the subgroup with DM. The study found less stroke (RR = 0.45, 95% CI = 0.25-0.82) with aspirin for women with DM.
Five meta-analyses have been performed in an attempt to clarify the risk and benefits of aspirin use in adults with DM. [53] [54] [55] [56] [57] None of the meta-analyses found statistically significantly fewer CVD events or less all-cause mortality, cardiovascular mortality, stroke, or MI after pooling DM data from four to nine trails. Two meta-analyses found sex-specific effects of aspirin on MI and stroke. 53, 54 One reported 43% fewer MIs for men (relative risk (RR) = 0.57, 95% CI = 0.34-0.94) but not women (RR = 1.08, 95% CI = 0.71-1.65; P for interaction = .06) and did not include the newer RCTs (e.g., Prevention of Progression of Arterial Disease and Diabetes (POPADAD) and Japanese Primary Prevention of Atherosclerosis With Aspirin for Diabetes (JPAD)) designed for adults with type 2 DM. 54 Meta-regressions in the other included the newer trials and found a statistically significant association between sex and the incidence of MI (P < .001) and stroke (P < .001), suggesting sex-specific reductions with aspirin in MI in men with DM and stroke in women with DM. 53 A sixth meta-analysis by the Anti-Thrombotic Trialists' collaborators included six trials of aspirin for primary prevention in the general population and found similar effects of aspirin on major CVD events in those with (RR = 0.88, 95% CI = 0.67-1.15) and without (RR = 0.87, 95% CI = 0.79-0.96) DM. 58 Recent trials (e.g., POPADAD and JAPAD) were not included in this meta-analysis, 45, 46 although the overall results from the studies reviewed are inconsistent, and when all the evidence is examined together, the benefits of aspirin for primary prevention in adults with DM is inconclusive.
Ongoing trials will add to this evidence base and help clarify the role of aspirin for primary prevention of CVD in middle-aged and older adults with DM. Two trials in the United Kingdom designed for persons with DM, A Study of Cardiovascular Events in Diabetes and Aspirin, which randomized 15,480 persons aged 40 and older, and Simvastatin Combination for Cardiovascular Events Prevention Trial in Diabetes, with a target enrollment of 5,170 participants aged 50 and older to be randomized to receive aspirin plus a statin or a statin alone, 59 are ongoing. One ongoing trial in the United States, Aspirin in Reducing Events in the Elderly, will also help to elucidate the role of aspirin in primary prevention for persons aged 65 and older.
